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By Robert E. S- and David C. Grana 

An experFmental investigation has been made in  the Lan@;ley free- 
f l ight   tunnel  t o  determine the   l a t e ra l   s t ab i l i t y  and can-troIlaMlity 
of a model having  self-euppartiug fuel-carrrging panels  hinged  ,to  the 
wing t ips .  These panels  served to   increase  the  effect ive wing axea and 
span  without  introduclng  corresponding e m e n d i n g  maments. The investi- 
gation  consisted of f l i g h t   t e s t s  of t h e  model t o   o b t d n  a qualitative 
indication of the   s tab i l i ty  and control  cPlaracteristics of the model 
with  various hinge arrangements an the  t ip  panels.  

The resu l t s  of the investigation ahowed that, with the t i p  panels 
hinged on a chordwise axis, erratic  lmge-amplitude  flapping of .the 
t i p  panels caused the motions of the model t o  be j e r b  and d i f f i cu l t  t o  
control. When the hinge ax is  w a s  skewed t o  produce  aerodynamic restoring 
forces on t he   t i p  panels, which tended t o  keep t h e   t i p s   d i n e d  with  the 
wing, the  amplitude of the t i p  motions was reduced but was still excessive 
for skew angles a8 large as 45O. Linked flaps rm the t i p  panels  caused 
larger  restaring  forces  than  the skewed hinges, and a 2-ercent"chord 
f lap   l inked   to  move 3 O  per  degree tip-panel rotation about the hhge 
almost entirely  elimhated  the motion of t h e  panel  relative t o  the wing. 
In this  configuration, the f l i g h t  behavior of the model was satisfactory. 

A i r  Force personnel have proposed that auxiliary fuel supplies be 
carr ied  in  lift- panels  hinged t o  the wing t i p s  of an afrplane. The 
weight of the auxiliary  fuel would be supported  these  lifting surfaces 
so that there would  be essenti- no Increase Fn wing loading and, 
because of the  increased  aspect  ratio,  the  auxiliary fuel load probably 
could be carried more ef f ic ien t ly than  by any other mem. The purpose 
of hinging  the t i p  panels t o  the wing was t o  avoid the wing bendkg 
loads which  would otherwise be caused by the aerodynamic and mass forces 
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on the t i p s .  This arrangement appeared  very  pramising from the per- 
formance and load8  standpoint,  but the ef fec t  of the hln@;eddip panels 
on dynamic-lateral s t ab i l i t y  and control  could  not be analyzed readily. 
In  order t o  determine the effects of such a configuration on l a t e r a l  
s t a b i l i w  and controllabil i ty,  an eWeriment8J- investigation hae been 
conducted i n  the Langley free-flight tunnel on a fuFn@; model having 
hinged-tip panels weighted t o  represent a fuel load. The p i l o t ' s  
observation8 and graphical  record8 were used t o  obtain a camparison of 
the  flight behavior of the model with  various  configuration6 of hinged 
t ips   with that of the model without the t i p s  and with  the  t ips  f ixed 
rigidly t o  the wing. 

Plan-iew sketches of the model are  shown in  figure 1 for the  baaic 
model without the t i p  panels and for the m o d e l  wi th   the  t ip  panels 
at tached  r igidly  to  the wing. The various  hinged-tip  configurations 
covered in the tests axe illustrated i n  figure 2. The basic model w a s  
a general  research  design with a w i n g  having an aspect   ra t io  of 5.06, 
t aper   ra t io  of 0.55, a Rhode St .  Genese 35 airfoi l   sect ion and con- 
ventional tail surfaces. The t i p  panels had the same a i r fo i l   sec t ion  
as the wing  and, fo r  the hinged-tip  configurations, were hinged on an 
a x i s  para l le l   to   the  lower surface. These panels were weighted t o  
represent a ful l  load equivalent t o  about one-rthird the w e i g h t  of the 
basic model which is representative of preeent  trends in XLqybip tamk 
design. The s ize  of the panels was such that the wing loading on them 
was about the same as that on the rest of the wing. Table I gives  the 
maaa chmacterist ics of the basic model asd of the  basic model with  the 
weighted t ips   r igidly  a t tached.  These characterist ics were slightly 
different  for t h e  various hinged-tip  configmatiom  became of differences 
i n  instal la t ion  detai ls  and because of mall changes i n  the  location of 
the weights f o r  trim, but were about the same for the hingeddip con- 
figuratione &s for the rigid-tip  configuration. 

The purpose of the skewed hinges and linked f laps  w a e  t o  minimize 
t he  flapping motion of the panels   re la t ive  to  the wing. Both of these 
devices  came aerodynamic forces on the t i p  panels w h i c h  tend t o  keep 
them d ined  xith the wing. Became the  reetaring forces me produced 
entirely by changes in  l i f t  on t h e   t i p  panels,  the  forces  required t o  
d i n e  the t i p  panel with the wing are not  transmitted to the wing 
structure  except for dynamic forces of short  duration. In t h e   f i r s t  
case, the hinge line was  skewed so that as the t i p  panel rotated 
relative t o  the wing, the  angle of attack of the  t i p  panel  varied so 
that restoring  forces were produced. For example, as  the   t ip   panel  
rotated up, i ts  angle of attack was  reduced and the lift on the  panel 
was reduced, tending to return it t o  i ts  trim position. The second 
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device far obtadnixng reetaring  farces  caneieted of trail-dge f laps  
m t he   t i p   paneb  linked t o  the w i q  so that the deflection of the flaps 
waa proportional t o  the angle between the t i p  panel and t h e  wing. For 
Instance, as the t i p  panel  rotated up, the flap went up and the lift on 
t h e  t ip   sur face  w a s  reduced, tending t o   r e t u r n  the panel t o  its trim 
pos i t ion   re la t ive   to  the wing. 

Flight tests of the model were made Fn the Langley free-iflight 
tunnel  (described in reference 1) for  each of the canfigmatione shown 
in   f igures  1 and 2. Two t y p e  of data were obtained fn this investigation. 
Qualitative rating8 of the flight behavim and control respanse were 
determined frcm the pi lo t ' s  ObEeZTatiOnB, and the motiom of the model 
and of the   t ips  were determined  quantitatively  froanmotionfpicture 
recorda of the flights. All of the tests were made w i t h  the gag between 
the wing  t i p s  and the panels maealed, except for the made1 with the 
plain t i p  pasels with chordwise hinges which WBB flown xith these gaps 
both sealed and unsealed t o  determine the effect  of sealing this gap. 

The .basic m o d e l  and the mode l  with the t i p  panels attached rigidly 
t o  the wing t ipa  were ueed as bases for cmgaxisan for the model w i t h  
the varioua hinged-tip arrangements. The flight behavior of the basic 
model was representative of that of a conventional airplane having veqy 
good s t ab i l i t y  and cmtrol  characterist ics.  Both the contra-bility 
and general flight behavior of the model v i th  the t i p  panels  attached 
rigidly t o  t h e  wing t ipa  were l e a s  eatisfactmy than those of the basic 
model because  of the slow respome t o  aileron control and decreamd 
l a t e r a l  stability. When attached rigidly t o  the wing, the  t ip  panels 
caueed t he  rol l ing  in r e s p m e   t o  aflerm deflection t o  be slower than 
that of the basic model because they increased  both  the rolling mament 
of i ne r t i a  and damping in r o l l  of the  model w h i l e  the a i le ron  r o U t  
maments were about the same for both  configuratime. A l igh t ly  damped 
l a te ra l   osc i l la t ion  was noted for the model with the   t ips  whereas the 
oscil lation was so heavily d a ~ p d  that it w a ~  not apparent in the flights 
of the  basic model. Thi~ reduction in  the   s tab i l i ty  of the l a t e r a l  
oscillation  evidently  resulted from the increase in r o l l i n g  and yawLng 
moments of fnertia,  an effect  w h i c h  is  more fully discuesed in  
reference 2. 

In figure 3 the  notione of the model and of the  t ipa are compared 
f o r  the  five  configurations having f r e e l y  hinged tip panels .  This 
figure shows the ro l l ing  motions of the model 3 n  controlled flight and 
the  corresponding  angles of  bank of both of the t i p   p a n e b .  The con- 
ventional s i p  for  the angle of bank w a s  wed f o r  both  the wing and the 
t i p  panele. 
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Figure 3( a) shows the mtiane  of the model and the t i p  panels for 
the  configuration with p la in   t i p  panela hinged 011 a chardwise axis. 
This  f l ight  record s h m  that there w a ~  cansiderable  flapping of the 
t i p  panels  with  respect t o  the wing. These flapping motions were most 
noticeable  after s gust or control disturbance when the motions of the 
t i p  panels were of relatively lare amplitude. The flapping motion w a s  
not w e l l  damped and, because of it8 large initial amplitude, w a s  
noticeable far several  cycle6  after a disturbance. The t i p  panels vere 
relatively heavy  (one--third the weight of the model without  the  panels) 
and jerked the model in bank so that its  rol l ing motians were very 
errat ic .  Th i6  jerkiness of the rolling motions show very clearly in 
the  f l ight  records of figure 3(a). The p i lo t  of the model found the 
flapping of t he   t i p  panels very  objectionable  becawe of their effect  
on the  rol l ing motians of the model.  The frequency of t he   t i p  motions 
was too high t o  be controlled and it W&B diff icul t   to   dis t inguish 
between the  natural   roll ing mcrtionrr of the model and the transient 
motions  caused by the  action of the t i p  panels. Eowever, the model 
rolled  fairly  rapidly  in  respanee  to  deflection of the  ailerons and 
the  controllability wae satisfactory  except for the jerkinass caused 
by the t i p  motions which were excited by the  cmtro1,disturbances. 
Sealing  the gaps between t h e   t i p  panels and the w i n g  had no apparent 
effect  on the behavior of the model except that it waa observed t o  
reduce  the drag of the model. 

Inamuch as the f l apphg  motions of the  t ips  caused the flight 
behavior of the model t o  be unsatisfactory, the hhqp l h e s  were skewed 
i n  an attempt t o  reduce the tip  f lapping motians v l th  respec t   to  the 

it is apparent fram comprison  of. figures 3(b) and 3(c) 
with figure 3 a) that the amplitude of the t i p  motion was camiderablg 
less  f o r  the skewedange configurations  than for the ohordwise-hinge 
configuration, it was considered  excessive and the  f l ight  behavior waa 
considered  unrsatisfactory. These results  indicated that c-iderably 
larger aerodynamic restaring  forces on the  panels were required  than 
those produced when the hinges were skewed 20° or 45’. 

ring* Mtho7@ 

A linked f lap on the   t ra i l ing edge of the t i p  panels w&8 tr ied 
since this device  offered  the  possibility of obtaining very large aer- 
dpamic  restoring forces for  amall deflectians of the t ip  panels.  With 
the 1k-percent”chard f l a p  lFdked to   def lect  2O for lo deflection of the 
t i p  panel re la t ive  to   the Xing, the  flapping YBB slightly less than that 
of the   t ip  panel with the 45O Bkewed hinge, as shown by the comparison 
of figures 3( c) and 3(d). The f l igh t  behavior of the nodel, however, 
was not  considered  satisfactory i n  this configuration. 

With the 20;percenhhord fleg linked t o  deflect 3 O  per degree of 
rotation of the t i p  panel  with  respect t o  the wing, however, the flapping 
of the  panels was very slight. Par the flight record  presehed in 
figure 3 ( e ) ,  the pilot was intentianally  disturbing  the model t o  show 
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how closely the t i p  panels  followed the banking motions of the wbg. 
This flight record show that the   t ip  panels stayed very closely alFned 
with the wing and that the  l i t t le   f lapping which-was present did not 
cause the pronounced jerkiness in the roUFng motions of the model 
which characterized the motione for the other  freely-hinged configura- 
tions. The flight behavior of the model in t h i s  configuration was 
considered satisfactmy. In  fact, the flight behavior was slightly 
better than when t h e   t i p  panels were r igidly  a t tached  to   the winge, 
probably because the model rolled f a t e r  Fn response to   a i l e ron  control. 
The f l i gh t  behavior, however, was not aa good as that of the basic 
model without the t i p  panels. 

Film records of the flight behavior of the model in the seven 
canfigurations  discussed herein are available an loan frm the 
EACA Headquarters; Waehington, D. C. The resu l t s  of this investigation 
are  i l lus t ra ted  more g a p h i c d l y  by the f l i gh t  scenes of this motion 
picture than is poseible in the present paper. 

An ergerimental  Investigation w a s  conducted i n  the hngley free- 
flight tunnel to determine the   l a te ra l  stabiliw and cmtro l lab i l i ty  of 
a model having various  coafiguratiana of self-supporting fuel-zrring 
panels hinged t o  the . w i n g  t ips .  The result6 of th ie  investigation may 
be summaxized as f ollom: 

1. The model vith the p l a h  t i p  p-le hinged on a chardwise a r i a  
was di f f icu l t  t o  control because of errat ic   larger tmpli tude  t imanel  
motions which caused uneatisfactarg  f l ight behvlor. 

2. When the hinge axis was skewed t o  produce aerodynamic restarin& 
forces an the t i p  panels tending t o  keep the  t ip8 dined with the wbg, 
the amplitude of the t i p  motion was reduced. The restoring  forces 
result ing f r a n  skew angles a.s high a E  45' did not reduce t he   t i p  motione 
sufficiently and f l i gh t  behavim of the model was unsatisfactory. 

3. Linked flaps on t h e   t i p  pane18 produced larger  restoring  forces 
than  the skewed hinges and a 2&prcen+chord flap linked t o  move 3 O  
per degree t i p p a n e l  rotation about the hinge almost entirely  eliminated 
the motion of t h e   t i p  panel r e l a t ive   t o  the wing. Ia this  configuration, 
t he ' f l i gh t  behavior of the model was eatisfactorg. 

Langley Amornutical  Laboratory 
national Advisory Camittee f o r  Aeronautics 

Langley Air Force Base, Va. 
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c.g. 

1 1  (a) B a a i c  model. 

Figure 1.- Sketch of the model ueed in the teste with and without 
Xing tip panel6 . 
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(a) 14 percent chard flap; 
2:l gearing r a t io .  

(e) 20 percent chord flap; 
3: 1 geering ratio. 

I 

Figure 2 .- Sketch of the hinged-wing tip-panel cosfigur&ticms teeted. 
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Figure 3 .- Ccmrparison of the motions of the model and of the wing t ipa  
f o r  the various h w  c m f i g u r a t ~ m s  correepodhg to tho- of 
figure 2. 
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